Population and environmental concerns, public policies, litter abatement, and seasonal agricultural needs are providing an incentive to develop and use biodegradable polymers. Currently, the number of commercial composting sites in the United States exceeds the number of landfills. For some solid waste, the growing composting infrastructure and acceptance of man-made products into this composting infrastructure are all combining to make this a very viable strategic option. To polymer scientists, this has also facilitated a paradigm shift, from historically improving durability, weatherability and other long life characteristics, to a triggered or reproducible breakdown under prescribed conditions. This paper describes an aliphatic-aromatic copolyester, which is designed to perform for the useful life of a manufactured article and then completely degrade within an active composting environment. As shown in Figure 1 , it is a random copolymer derived from the following building blocks: adipic acid (aliphatic), terephthalic acid (aromatic) and butanediol. It is a poly(tetramethylene adipate-coterephthalate), which we will refer to simply as PTAT. This biodegradable, thermoplastic resin is now available in commercial quantities. It is a patented product and the intellectual property surrounding its development covers a number of aliphatic intermediates and a wide range of compositions and blends.
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The pellet properties and melt viscosity of PTAT are summarized in Figures 2 and 3 . The pellets as received are semi-crystalline. Because PTAT is a polyester, drying before extrusion is strongly suggested. Differential scanning calorimetry (DSC) curves of PTAT show it to have a relatively broad melting endotherm, with a melting point of about 108 o C. The melt viscosity versus temperature curve is compared to two lower intrinsic viscosity, fiber grade poly(ethylene terepthalate)'s or PET's. These are helpful to customers with polyester experience. However, the 108 o C melting point of PTAT quickly turns thoughts to low density polyethylene (LDPE). And indeed, most equipment that can extrude LDPE can be used to run PTAT. PET and LDPE, though, do not offer biodegradability.
PTAT can be melt spun into spunbond and melt blown fabrics and into unicomponent/bicomponent binder fibers. Uniform spunbond fabrics have been produced on Ason spunbond equipment, using slotted air draw technology. For reference, the general processing conditions are profiled in Figure 4 .
In addition, 17-130 g/m 2 basis weights, finer fibers, higher throughputs and higher spinning speeds than 4500 m/m have been successfully run. The resultant spunbonds were semicrystalline and exhibited elastic properties, good drapeability, a soft hand and quietness when handling. Like most poly- Figure 1 esters, they can be gamma radiation sterilized, ultrasonically sealed and in this case, radio frequency bonded. This opens up a number of disposable and limited use applications, including hospital CSR wraps and surgical packs, wipes and absorbent cores, form-fitting hygiene products, seed mats, ground covers and other seasonal agricultural/horticultural fabrics, thermoformed articles and various laminates. A partial compilation is shown in Figure 5 .
For the spunbonds themselves, two interesting phenomena observed were (a) changes in the first scan DSC curve, with the major melting point of the spunbonds slightly increasing to 115-120 o C and (b) some unique post shrinkage properties. After thermal shrinkingwhether inherently low or high -the fabric is not brittle and still retains its elastic characteristics. In the spunbond process, key determinants of the degree of shrinkage are quenching, filament speed and thermal bonding conditions. PTAT spunbonds have also been successfully produced on Reifenhauser Reicofil equipment, at conventional spinning speeds. In addition, melt blown webs have been overblown onto fibrous materials to form an interior or outer layer, and stand-alone melt blown webs have been produced. One of the driving forces here is to replace polyethylene and increase the compostability of specific products.
Binder fibers for absorbent products and other nonwovens can also be melt spun from PTAT. For unicomponent fibers, typical staple fiber spinning conditions are given in Figure 6 . However, higher spinning speeds have also been successfully run. (Please note that it is not unusual for melt temperatures in staple fiber spinning to be lower than those practiced in spunbonding or melt blowing.) Highly efficient quenching, using low temperature quench air, is very important. The resultant binder fibers are particularly suitable for bonding to PLA (polylactide), other polyesters, cellulosics (cotton, woodpulp fluff, flax. bagasse/cotton), lyocell, rayon, acetate, scoured wool, acrylic, nylon, carbon and glass fibers. The bonds themselves have elastic characteristics. Unicomponent PTAT binder fibers are soft and somewhat difficult to stuffer box crimp...but, alternatively, can be helically or spiral crimped. For some applications, a stiffer fiber may be desired to enhance downstream processing in crimping, carding or air laying. Bicomponent fibers -with PTAT as the sheath on a stiffer core, tip on a leg or one of the sides -can offer more stiffness than a 100% unicomponent. This is the primary focus of current development work. The stiffer core polymer can be either biodegradable or nonbiodegradable, depending on market requirements, but an "all green" bicomponent binder fiber is the ultimate goal.
Two additional examples of potential applications of cellulosics blended with unicomponent PTAT binder fibers are included next. The matrix fiber can often carry the unicomponent through carding and as indicated earlier, a stiffer, properly designed "all green" bicomponent binder fiber should offer improved cardability. PTAT binder fiber has been blended with a cellulosic natural fiber, carded and lightly needled to form a mat. Then it was hot static pressed into flexible, shaped and flat bonded sheets. Incorporation of the PTAT binder significantly increased the strength and force to break. The data is graphed in Figure 7 . Admittedly, not all results are this striking but PTAT, in blends with natural fibers and when properly thermo-activated or thermoformed, does have excellent adhesive properties. If not activated, it will function as a non-adhesive, low Tg matrix fiber.
Fine denier, short-cut PTAT binder fibers may also prove useful in wet laid applications such as paper. Because of the melting point, bonding may be achievable during normal drying on a paper machine. In the laboratory, handsheets have been prepared in accordance with TAPPI Method T205, using wood pulp blended with 0-20%, 1 /4-inch PTAT fiber and pressed at temperatures ranging from 100 to 150 o C under low to medium pressures. Incorporation of the PTAT binder fiber into the sheet shows a significant increase in wet break force, wet tensile strength and wet elongation. The improvement in wet break force is plotted in Figure 8 .
PTAT binder fibers should enter the market next year. Some very innovative single and multilayer nonwoven "solutions" can be developed with biodegradable materials. Laminates and composites, for example, can combine fibrous forms, films and extrusion coatings all made from PTAT. Final articles made from 100% of this aliphatic-aromatic copolyester, and certain blends, may lawfully be used for many food contact applications in the United States and European Union. A detailed regulatory statement is available on request. This, of course, is for the base copolyester. Fiber finishes and surface treatments must also separately meet food contact and safety requirements.
The growing demand for consumer products that are truly biodegradable has led to national and international Definitions and Standards of Biodegradability. Regulatory bodies, such as DIN (Germany), CEN (Europe), JAS (Japan), ASTM (United States) and ISO (international), have all published such standards. Several have issued logos that identify materials certified to meet these standards. Although the definitions, test methods and certification requirements differ in details, they have several features in common:
• In a time frame comparable to kraft paper, a biodegradable polymer within an active composting environment must sufficiently fragment and/or disintegrate so that it completely passes through specifi- cally sized sieving screens
• Also in a time frame comparable to kraft paper, usually six months, the biodegradable polymer within an active composting environment must be reduced to carbon dioxide, water, biomass and minerals • Toxic residues or toxic monomers cannot be produced by the composting process • The compost containing the biodegraded polymers must support plant growth As stated earlier, PTAT is designed to perform for the useful life of a manufactured article and then fully degrade within a composting environment, leaving no environmental footprint. If not exposed to a biodegradable environment, it will have a long and useful life. A general definition of composting, plus pertinent aerobic biodegradation standards and composting rate test methods, are summarized in Figures  9 and 10 . PTAT is in full compliance with these standards. In the respirometer test, the total amount of CO 2 that is produced by both the decomposing polymer and the composting medium is measured. Subtracted from this is the calculated estimate for the amount of CO 2 given off by the active composting test medium used. The results derived from this test method generally have a relatively high standard deviation.
In the C 14 radioisotope test, the total amount of C 14 -CO 2 which is produced by the decomposing polymer is measured. There is no interference from the normal CO 2 produced by the composting medium. The results derived from this newer test method have a low standard deviation and a carbon mass balance can be obtained (to account for all of the carbons).
Time lapse pictures in Figure 11 show that within twelve weeks within an active composting site, a 5-mil PTAT film typically becomes invisible to the naked eye. Fibers have greater surface area than films of the same weight, so the disintegration rate of fibers should at least be comparable to, and likely exceed, that for film.
After disintegration, the powder biodegradation rate curve (Figure 12 ) demonstrates that within six months 95% of the copolymer is degraded to CO 2 and water. The remaining biomass continues to break down until only trace minerals are left. The carbons are returned to nature and reintegrated into the natural carbon cycle.
Very importantly, PTAT contains no harmful additives and has no adverse ecotoxicity after degradation. In Europe, the PTAT copolyester described is certified by DIN CERTCO to be compostable, conforming to DIN V 54900-1:1998-10, DIN V 54900-2:1998-09 and DIN V 54900-3:1998-09.
This aliphatic-aromatic copolyester has been approved by the Biodegradable Plastics Society in Japan. Approvals by the International Biodegradable In summary, PTAT is a biodegradable aliphatic-aromatic copolyester that can be melt spun into spunbond and melt blown fabrics as well as fibers. The spunbonds and melt blown webs are drapeable, much softer than PET and exhibit elastic properties. Binder fibers made from PTAT form strong, elastic bonds with a wide range of polyesters and cellulosics, including PLA (polylactide), lyocell, rayon, cotton and woodpulp fluff. This versatile resin is commercially available* and offers many exciting possibilities. Several commercial film programs with PTAT are already in place.
The next step will be the introduction of direct spun fabrics and staple fibers. Interest in this resin continues to grow, for both replacement and new applications. 
